The alpha2beta1 isoform of guanylyl cyclase mediates plasma membrane localized nitric oxide signalling.
Nitric oxide (NO) is a mediator of copious biological processes, in many cases through the production of cGMP from the enzyme nitric oxide-sensitive guanylyl cyclase. Natriuretic peptides also elevate cGMP, often with distinct biological effects, raising the issue of how specificity is achieved. Here we show that a recently described alpha(2)beta(1) isoform of guanylyl cyclase is expressed in a number of epithelia, where it is localized to the apical plasma membrane. We measured the functional properties of the alpha(2)beta(1) isoform by utilizing the NO-dependent activation of the ion channel cystic fibrosis transmembrane conductance regulator (CFTR), which occurs by phosphorylation via the membrane-bound type II isoform of cGMP-dependent protein kinase. We found that cGMP generated by NO activation of the alpha(2)beta(1) isoform of guanylyl cyclase is an exceptionally efficient mediator of nitric oxide action on membrane targets, activating CFTR far more effectively than the cytoplasmically located alpha(1)beta(1) guanylyl cyclase isoform. Targeting the alpha(1)beta(1) isoform of guanylyl cyclase to the membrane also dramatically enhanced the effects of nitric oxide on CFTR within the membrane. This was not due to increased enzymatic activity of guanylyl cyclase in a membrane location, but to production of a localised membrane pool of cGMP by membrane-localized NO-dependent guanylyl cyclase that was resistant to degradation by phosphodiesterases. Selective effects of cGMP produced from this enzyme in response to NO are directed at membrane targets and suggest that drugs selectively activating or inhibiting this alpha(2)beta(1) isoform of guanylyl cyclase may have unique pharmacological properties.